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(57) Abstract 

For a portable image capture application 
involving a need for very reliable simultaneous 
capture of a plurality of images of coded labels 
(106) each upon a varying object and under un- 
controlled ambient lighting, the invention pro- 
vides an electronic camera (111) and lighting 
elements (101) adapted to overpower the con- 
tribution of any ambient light on the captured 
image. Thus highlights and shadows inside re- 
cesses are similarly lit The main device (100) 
is using a brief (< 100 uS, typically about 60 
uS) flash of powerful light and a ferromagnetic 
liquid crystal shutter open only within the pe- 
riod of the flash. Matching spectral bands of 
flashed and admitted light contributes to the ob- 
. ective; so does linear polarizing/analyzing to 
reject specular reflections. The spectral lim- 
its between deep orange and infrared (at about 
1 micron) also minimize the risk of startling 
nearby personnel, although other bands could 
be used. 




o 



o 



Codes used to identify 
applications under the PCT. 



FOR THE PURPOSES OF INFORMATION ONLY 

party to the PCT on the front pages of pamphlets publishing international 



AM 


Armenia 


GB 


United Kingdom 


AT 


Austria 


GE 


Georgia 


AU 


Australia 


GN 


Guinea 


BB 


Bsrbados 


GR 


Greece 


BE 


Belgium 


HU 


Hungary 


BF 


Burkina Paso 


IB 


Ireland 


BG 


Bulgaria 
Benin 


IT 


Italy 


BJ 


JP 


Japan 


BR 


Brazil 


KE 


Kenya 


BY 


Belarus 


KG 


Kyrgystan 


CA 


Canada 


KP 


Democratic People's Republic 


CF 


Central African Republic 




of Korea 


CG 


Congo 


KR 


Republic of Korea 


CH 


Switzerland 


KZ 


Kazakhstan 


a 


Cote d'lvoire 


u 


Liechtenstein 


CM 


Cameroon 


LK 


Sri Lanka 


CN 


China 


LR 


Liberia 


cs 


Czechoslovakia 


LT 


Lithuania 


cz 


Czech Republic 


IV 


Luxembourg 


DE 


Germany 


LV 


Latvia 


DK 


Denmark 


MC 


Monaco 


EE 




MD 


Republic of Moldovs 


ES 


Spam 


MG 


Madagascar 


EI 


Finland 


ML 


Mali 


PR 


France 


MN 


Mongolia 


GA 


Gabon 


MR 


Mauritania 



MW 


Malawi 


MX 


Mexico 


NE 


Niger 


NL 


Netherlands 


NO 


Norway 


NZ 


New Zealand 


PL 


Poland 


FT 


Portugal 


RO 


Romania 


RU 


Russian Federation 


SD 


Sudan 


SB 


Sweden 


SG 


Singapore 


SI 


Slovenia 


SK 


Slovakia 


SIS 


Senegal 


sz 


Swaziland 


TD 


Chad 


TG 


Togo 


TJ 


Tajikistan 


TT 


Trinidad and Tobago 


UA 


Ukraine 


UG 


Uganda 


US 


United States of America 


uz 


Uzbekistan 


VN 


Viet Nam 



o o 

W ° 97/33435 ^ ^ PC17NZ96/00109 



ELECTRONIC CAMERA WITH FAST LIQUID CRYSTAL SHUTTER 



FIELD OF THE INVENTION 



This invention relates to image capture means for use in the field of machine vision and data 
capture and in particular to improvements for overcoming environmental variations in lighting 
when the image capture means is used outdoors. 



BACKGROUND 



The inventory management application for which this invention has been designed may be 
regarded as a development going beyond reading a simple barcode with a hand scanner in 
contact with the label on an object to be identified or tracked. 

The "barcode" has evolved into a two-dimensional encoded label capable of being any one of 
millions of unique numbers. That label has to be read from a safe distance, because of 
operational requirements, and at the same time the application requires that there may be a large 
number of labels (from two to some hundreds) at any orientation, in one field of view as 
captured within a single image. The reading act is to be carried out out-of-doors at any time of 
day or night. Sunlight or bright floodlights may cast shadows, may directly enter the port (i.e. 
lens) of the reading device, and may cause reflections. Rain and dirt may render the encoded 
data unreliable. It is not practicable to return to the site and repeat an act of reading, because the 
goods may have irretrievably been moved onwards. Finally, a low error rate is required; 
particularly in relation to minimising the number of falsely decoded readings. Thus, having 
good control of lighting conditions would provide a good foundation for the remainder of the 
process. 
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The prior art has been able to solve some of the above problems by using machine vision 
equipment in indoors environments where the lighting and other variables are controlled and 
where no more than a single object for study is likely to be in a single image. 

5 

This problem resembles the common use of Till-in flash" in order to supplement the amount of 
light coming out of shadowed areas into an ordinary camera. This technique is widely used in 
portraiture. However, when machine vision equipment is used out of doors according to the 
application described above, the scale of the "fill-in" effect is such that a direct approach would 
10 have to produce enough energy as light to totally swamp sunlight over 18 square metres 
(approx) of surface and this is infeasible using commonly available equipment having a typical 
shutter-open duration, and flash output duration of 1 millisecond or more, because the ambient 
light, the contribution of which is meant to be minimised, continues to build up in the image 
over that period. 

75 

Evidently there is a need for an apparatus capable of repeatedly capturing images of uniformly 
suitable quality for machine vision purposes; principally the decoding of encoded labels 
represented as small details within a captured image. 

20 Definitions: 

A "working level of ambient light" is a level in which people can safely go about their transport 
and storage duties. A typical value is sunlight; 200 W/m 2 over an example range of 
wavelengths (700-900 nm) used herein, and another typical value is floodlighting to an 
illuminance level of about 300 Lux. 

25 

A "non-mechanical shutter" is one that has no physically moving component parts, the 
lack of inertial effects allowing it to reach higher on/off switching rates. The current 
example ferromagnetic liquid crystal shutter can open and close again within 100 
microseconds. 

30 

OBJECT 

It is an object of the present invention to provide an improved apparatus for capturing images 
for machine reading purposes of uniformly acceptable quality or one which will at least provide 
35 the public with a useful choice. 
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STATEMENT OF THE INVENTION 

In a first broad aspect the invention provides image capture apparatus suitable for capturing, 
within a recording medium, an electrical version of an optical image of an object in an 
environment having a working level of ambient light, the recording medium comprising an 
array of solid-state photosensitive units, characterised in that the image capture apparatus 
includes means capable of emitting a controlled quantity of light of a controlled intensity and 
duration towards the object for a brief period not exceeding five hundred microseconds and 
means substantially capable of excluding from the image that light collected from the object 
which was not emitted by the emitting means during that brief period so that the captured image 
is built up primarily from light scattered from the controlled quantity of light. 

Preferably the brief period is less than 250 microseconds, and more preferably the brief period 
15 is less than 100 microseconds. Even more preferably, the period of time for the flash - when a 
substantial majority (70%) of the light is emitted is about from 20 to about 65 microseconds 
after a trigger pulse commences. 



10 



20 



Preferably the brief period of time during which flash light is produced by the flash lamp means 
is short, so that the proportion of integrated ambient light incident on the CCD (the transducer) 
is low in relation to the proportion of integrated flash light incident on the transducer, during 
the period of time. 

A preferred shutter means is a fast, ferromagnetic liquid-crystal shutter. Another 
25 implementation of a shutter means is a gated microchannel image intensifier. 

In a first related aspect the invention provides image capture apparatus as described above, 
wherein the means substantially capable of excluding from the image that light collected from 
the object which was not emitted by the emitting means includes means capable of restricting 
the spectral bandwidth of the collected light to light of a wavelength ranging between a first 
upper limit and a first lower limit. 



30 



35 



In a subsidiary aspect the invention provides image capture apparatus as described above, 
wherein the means capable of emitting a controlled quantity of light towards the object includes 
means capable of restricting the spectral bandwidth of the emitted light to light of a wavelength 
ranging between a second upper limit and a second lower limit. 
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In another subsidiary aspect the invention provides image capture apparatus as described above, 
wherein the range between the first upper limit and the first lower limit and the range between 
the second upper limit and the second lower limit overlap to at least some extent. 

5 

In a second related aspect the invention provides image capture apparatus as described above t 
wherein the means substantially capable of excluding from the image that light collected from 
the object which was not emitted by the emitting means includes means capable of restricting 
the angle of linear polarisation of the collected light to light having a first angle of polarisation. 

10 

In a subsidiary aspect the invention provides image capture apparatus as described above, 
wherein the means capable of emitting a controlled quantity of light towards the object includes 
means capable of restricting the angle of linear polarisation of the light to light having a second 
angle of polarisation, substantially perpendicular to the first angle of polarisation. 

75 

In a third related aspect the invention provides image capture apparatus as described above, 
wherein the means capable of emitting a controlled quantity of light towards the object includes 
means capable of restricting the duration of the emitted light to a defined period between a first 
moment and a second moment, and wherein the light emitted during the defined period is of an 
20 intensity sufficient to dominate the ambient light present in the environment 

In a subsidiary aspect the invention provides image capture apparatus as described above, 
wherein the means capable of emitting a controlled quantity of light towards the object 
comprises a gas-filled flash tube capable of producing a brief flash of light of known duration, 
25 connected to control means for triggering a discharge in the flash tube, and connected to supply 
means capable of storing a controlled amount of electricity for discharge in the flash tube. 

In another subsidiary aspect the invention provides image capture apparatus as described above, 
wherein the means substantially capable of excluding from the image that light scattered from 
30 the object which was not emitted by the emitting means includes fast-acting shutter means 
capable of restricting the duration of the collection of light to a period of up to a tenth of a 
millisecond. 

In a fourth related aspect the invention provides image capture apparatus as described above, 
35 wherein the means substantially capable of excluding from the image that light collected from 
the object which was not emitted by the emitting means comprises means to capture a pair of 
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images of the object; only one of which is illuminated by light emitted by the means capable of 
emitting light, and subtracting one image from the other image, thereby deriving the difference 
between the two, so that the difference image incorporates the illumination derived from the 
emitted light. 

Preferably the flash lamp is provided with a reflector optimised for high reflection in the near 
infra-red range, and preferably this employs a gold reflecting surface. 

Preferably the spectral bandwidth includes those wavelengths lying between about 650 microns 
and about 1000 microns when the dominant optimising requirement is to avoid using visible 
light in the flash output. 

Alternatively the shorter wavelength may be extended to about 550 microns (mid-orange) when 
the dominant optimising requirement is to increase the amount of light to be used. 

Alternatively, the shorter wavelength may be extended to the full extent of the CCD sensitivity 
range (about 400 microns) when the dominant optimising requirement is to increase the amount 
of light to be used and visibility of the flash is of no importance. 

Alternatively the system of flash light source and camera may work over any matched narrow 
band of wavelengths. 

In a second broad aspect the invention provides an image capture apparatus as described 
previously in this section, in which the flash light produced by the flash lamp means is 
concentrated within one or more bands of the spectrum of active wavelengths. 

In a consequent aspect the flash light incident on the transducer is filtered by transducer filter 
means so as to permit light of the relevant band of wavelengths to pass to the transducer, and to 
substantially block other light, so that the relative effectiveness of the light from the flash lamp 
as compared to ambient light means is enhanced. 

Preferably the one or more parts of the spectrum include the red and more preferably the near 
infra-red portions of the spectrum; that is, substantially in the range of from 600 to 900 
nanometers (nm) wavelength. 
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A preferred flash lamp for use in the flash lamp means includes a flash tube filled substantially 
with xenon and/or other rare gases including neon and krypton. Preferably the flash lamp is 
filled to a pressure of about 350-450 torr. Preferably the high voltage is of the order of 1300 to 
5 1 800 volts; preferably 1 500 volts. 

Preferably the quantity of charge used in each discharge of the flash lamp means is sufficient to 
render the light from the flash lamp means relatively brighter than the ambient light, under 
conditions as described within this section, and is also sufficient after reaching the object to 
10 provide an adequate amount of integrated flash light incident on the transducer. 

In a third broad aspect the invention provides an image capture apparatus as described in either 
or both of the first and second broad aspects of this section, for which a first light polarising 
means capable of linearly polarising light transmitted through the light polarising means is 
15 placed between the flash lamp means and the object. 

In a related aspect a second light polarising means capable of linearly polarising light 
transmitted through the light polarising means is placed between the object and the image 
transducer means, and the orientation of this second light polarising means is substantially 
20 perpendicular to that of the first light polarising means. 

Conveniently, the polarising filter that comprises part of the FLC shutter may serve as the 
second light polarising means. 

25 In a further broad aspect the invention comprises camera means designed to reject sunlight in a 
captured image which camera means operates by an alternative process comprising subtraction 
of an image that includes flash illumination from a near-simultaneous image that does not 
include flash illumination. 

30 Preferably the subtraction process is carried out within a modified CCD chip including means 
to compare two images. 

Alternatively the subtraction process may be carried out using two CCD chips viewing the 
same image in registration by means of a beam splitter, each CCD having a FLC shutter in from 
35 and each FLC shutter being driven in sequence so that preferably one CCD captures an image 
immediately prior to flash lamp activation, and one captures an image during flash lamp 
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activation. 



DRAWINGS 



The following is a description of a preferred form of the invention, given by way of example 
only, with reference to the accompanying diagrams. 

EigJ.: is a block diagram of an image capture apparatus according to this invention. 
Eifi_2: is a block diagram of a flash lamp of the present invention. 

Fig_3_: illustrates the relationship between the FIR shutter opening and the flash lamp output 
(as detected by silicon photodiodes) according to this invention. 

Bg_4j illustrates example filter pass bands for an image capture apparatus according to this 
invention. 



PREFERRED EMBODIMENT 



This invention comprises image capture apparatus intended for capturing images of multiple 
encoded labels in outdoors conditions. It is desirable that every "photograph" is totally adequate 
for the purpose of decoding the many labels represented within it; the image capture procedure 
cannot be repeated without a great deal of organisation such as unloading a ship or recalling a 
timber lorry. 

The invention was devised to capture images for recording logs of wood during shipment. A 
cradle perhaps 6 metres wide filled with logs to a height of up to 2 or 3 metres (12-18 m 2 , their 
ends presented to the camera operator at a fixed range of about 6-7 metres and each bearing an 
attached label is recorded before the cradle is lifted onto a ship with one high-resolution image 
at each side of the cradle. The image is later automatically dissected. Information returned 
includes the contents of each and every label, and the total number of log ends in each picture. 
The picture capture rate can be about per hour in a typical wharf, and the battery life of the 
camera is about 2.5 hours of such use. Camera usage rates: typical rate is a pair of images 
every 5 minute cradle cycle, but a rate of up to one frame per 35 sec can be sustained. The 
image downloading time of 30 sec limits this rate. Up to 400 or more flashes can be taken from 
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a 2.5 hour battery pack, although preferably less depletion of the lead-acid battery improves 
battery life. 

5 The problems related to collecting consistent images of adequate quality include that variable 
ambient illumination - either natural or floodlighting - may supplement or detract from artificial 
(flash) illumination, and may cause shadows, reflections, or glare. Artificial illumination from 
a flash may dazzle and startle, may cause eye damage, will require a power source, and adds to 
expense. Modifying a camera complicates the assembly, adds to its expense, and detracts from 

10 its "off-the-shelf availability. Camera modification may detract from usability; for example, if 
the through-the-lens viewfinder is rendered unusable. 

A major part of the invention involves overcoming sunlight (or other ambient lighting of 
similar intensity) with a brief flash concentrated in near infra-red wavelengths and a camera 

15 that receives only light of that spectral range at that time. Because the flash energy - sufficient 
of course to give an adequate exposure - is concentrated in a shorter and shorter period of time, 
then providing the camera is made to accept light over only a matching period or "acceptance 
time", the steady contribution of sunlight (which would itself provide an adequate exposure 
over a longer, fixed period) becomes less and less important. It is feasible to provide the flash 

20 energy in a 100 to 200 fisec pulse, rather than the usual 4 to 5 msec pulse for photographic use. 
(Actually, most of the flash has been emitted within 65 microseconds of the trigger pulse). 
Reciprocity failure (as seen in the silver halide emulsions of conventional photography) is not a 
characteristic of CCD arrays. 

25 A similar approach could be used in relation to the spectral distribution of the light in order to 
minimise the contribution of sunlight; ideally a monochromatic source and a matching, 
narrow-band camera filter. 

Although an "optical radar" or "LID AR" solution, in which a brief laser pulse is emitted and a 
30 shutter is opened for only that period corresponding to the range of flight time of the reflected 
photons could be used, as in underwater viewing, the Q-switched laser technology involved is 
particularly unlikely to be acceptable in a transport yard where vision of the personnel is placed 
at risk. Intense, pulsed, monochromitic sources such as a Q-switched ruby laser (used together 
with a camera having a matched time and wavelength "window" could solve the problem only 
35 if cost, hazards, and size were no object. 
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The above procedures, involving the use of lasers as light sources and their use is impractical 
given the constraints of our preferred application, namely man-carried equipment and the 
likeliness that others are likely to suffer eye damage or be startled by laser flashes. 

We selected flash tube light sources as convenient, powerful sources. 

The band of the spectrum that any particular installation may use depends on a number of 
factors, and human factors predominate. 

Originally we selected the deep red and near infra-red region of the spectrum partly because, 
although this region is suitable for use with silicon sensors, it is substantially invisible to the 
eye, yet still suited to conventional camera optics; lenses and filters. Use of infra-red flash 
equipment in a busy loading yard is unlikely to dazzle or startle operators of equipment. 
Restriction of wavelengths also assists in minimising the contribution of ambient light to the 
captured image. 

We have found that on a busy wharf where the level of ambient lighting even at night is of the 
order of 300 lux, that a visible flash even including orange light is a safer selection. This shows 
other workers that a cameraman is working. Orange flashing beacons are commonly used on 
wharf vehicles and the like. Furthermore, there is probably more risk of retinal damage if a 
substantially invisible flash is used. People will peer at it to see if it is actually working, and the 
unconstricted pupil may admit a dangerous amount of energy. Therefore we now prefer a 
wider band of the spectrum. 

(Of course if this equipment was to be used in a situation where flash light was unlikely to 
affect other users, such as in automatically recording the contents of a loaded vehicle where no 
person is likely to be in the flash-illuminated area, it may be preferable to use the full spectrum 
of light that is emitted by a flash tube and can be used by the CCD chip, or alternatively restrict 
it to bands in shorter wavelengths only (green/blue to blue) in order to get increased resolution. 



Polarised light assists in rejecting reflections from shiny surfaces or droplets. 
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PREFERRED EMBODIMENT 

FLASH TUBE 

5 

This item is a particularly useful link in the chain because it produces a usefully brief flash, 
momentarily brighter than ambient light yet does not have the complexity or hazards of an 
equivalent laser source. (By "usefully brief we mean that a flash duration of less than 100 jiS 
(together with a fast shutter of course) can distribute enough peak energy without undue 
10 consumption of average energy. Hence battery life is not a great problem. 

We prefer to use a krypton filling in the flash tube because this gas (at least at a filling pressure 
of 750 torr) provides enhanced output in the near infra-red range over the output from a more 
conventional xenon filling. The filling is likely to contain a proportion of xenon because the 
75 gases are separated out together from air in a cryogenic plant. However, xenon types are 
readily available. The tubes actually in use are made to order by EG & G and have a 
proprietary filling. They are supplied with an external triggering wire wrapped around the tube. 
The flash power used in this invention is said to be about 25% of their explosion limit. 

20 REFLECTOR 

We prefer to use a vapour-deposited or electroplated gold coating on the reflector surfaces, 
because gold is better than a conventional aluminium reflector in this infra-red region of the 
spectrum. Usually the gold is placed over bright nickel plating, and that in turn is plated onto a 
25 bright (polished) stainless steel. Silver is also preferable to aluminium, which tends to reflect 
ultraviolet better.. Gold and silver coatings can be protected in various ways, such as by 
over-coating with a hard transparent layer, or by placing them on the rear of a shaped glass 
surface. 

30 JOULES 

The charge storage or power of the flash is set by the requirement to effectively swamp sunlight 
during the flash - after taking into account losses in light caused by reflections or absorbtion in 
the flash optical chain and in the camera optical chain. One upper limit relates to eye safety in 
35 that even an invisible flash of sufficient intensity may cause damage to the retina by means of 
heat or unknown effects. Another upper limit relates to power consumption, because it is 
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intended that this camera and flash be portable, and run from batteries. A further upper limit 
relates to cost; where higher capacity generally equates to higher costs. Yet further upper limits 
include weight, and the maximum current that can be carried by the flash tube. The minimum 
requirement can be set by determining the photon flux that should arrive at the CCD (after all 
filtering and reflection and focusing stages) in order to obtain an adequate CCD image with 
minimal noise content. 

A preferred power is from 200 to 400 Joules. Fig 2 indicates the parts of the flash assembly. 
206 is a storage battery. 202 is a high-voltage generator to charge up the capacitors 203. 204 is 
a flash tube (actually a straight tube, not a "U" shape as drawn). 205 is trigger circuitry, 
synchronised by a line 105 from the camera. 

If an image intensifier. preferably a gated one such as a microchannel plate, perhaps a 
"Channeltron" type using electrostatic focusing, was used, this energy requirement is lessened. 
At the present time suitable versions are unduly expensive. 

DURATION 

A duration of under 100 microseconds can be achieved by using high-voltage storage 
capacitors preferably with minimised loss resistances. (The charge voltage is about 1300-1800 
V; preferably stabilised at about 1500 V). An air-cored inductor is placed in series with the 
lamp and adjacent to it, in order to extend the flash time a little. Shorter flash durations increase 
the relative amount of blue and ultraviolet light emitted from the gas. The actual flash duration 
is: peak reached 35 to 40 uS after the trigger pulse; 70% of the light has been delivered by 65 
US. The flash lamp circuitry is conventional, powered from a storage battery, and the lamp is 
preferably triggered (as is the FLC shutter) from the camera's shutter contact. Shorter flash 
periods mean higher tube currents and very short tube life. 

CAMERA 

The camera is a type of CCD array camera. While the preferred type (DCS 420 IR) is a variant 
of a "KODAK" camera - comprising a modified "Nikon" camera body having a "Nikon" 20 
mm wide-angle lens and a CCD with a resolution of about 1500 x 1000 (high) pixels, the 
invention may be used with other types of camera and with other lenses or image-forming 
mirrors. Photographic film or at least the silver halide emulsion of photographic film may 
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exhibit anomalous sensitivity (known as reciprocity failure) when used with brief illumination. 
SHUTTER 

5 

This item is a useful link in the chain because by being open for only about the duration of the 
brief flash it limits the integration of background light and hence the flash light is relatively 
dominant. (By "usefully brief' we mean that a shutter duration of less than 100 \iS (together 
with a fast flash of course) can receive enough distributed enough peak energy to capture 
10 self-illuminated scene in daylight without undue consumption of average energy. Hence battery 
life is not a great problem. 

A fast (ferromagnetic) liquid-crystal (FLC) shutter, type made by Displaytech Inc, Boulder 
Colorado) capable of switching states in under 35 microseconds is used to minimise ambient 
75 light contributions to the integrated exposure on the CCD array. Even direct sunlight does not 
provide adequate exposure with a short shutter speed of typically 100 \xS. The FLC shutter 
involves the use of polarisation filters and a material whose polarisation can be rotated quickly 
by the application of an electric field. The shutter is driven so that it is at a peak transmission 
mode at the moment when the intensity of the flash is at its peak. 

20 

A useful modification to this shutter is to provide compensation for cool environmental 
temperatures, (such as 15 deg C) when the speed of the shutter falls far below usefulness. We 
have screwed resistive heaters to each side of the aluminium ring and heat them with up to 15W 
of power when required. An integrated-circuit temperature sensor of the 1 mV /deg K type is 
25 used to sense temperature. One function of the microprocessor in our camera support circuitry 
is to monitor the temperature of the FLC shutter and apply heat and prevent use of the camera if 
the shutter is too cold. The control loop maintains the shutter at between 25 and 35 deg C. 

Fig 3 illustrates an oscillogram of the timing relationships obtained. The mechanical shutter of 
30 the camera is open for the entire period depicted. Each vertical line represents 50 microseconds. 
The line 301 is a silicon photovoltaic cell output depicting the transmittance of the FLC shutter. 
The line 302 represents the emission from the flash tube as detected by a silicon photovoltaic 
cell. Note the elongated tail on the flash emission. This may represent infra-red emission from 
hot gas or may represent a delayed glow of current. 

35 

As an alternative, a CCD chip having enhanced shuttering means (a control lead to the chip 
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which enables or disables sensitivity to light) could be used, but the selected camera may need 
substantial modification in order to use such a chip. It is possible that CCD chips in which the 
sensitive period may be as short as 50 ^s (or less) can become available. In the meantime, a 
5 FLC shutter permits a short exposure without modification of the DCS 420 IR camera. 

As a further possibility as an alternative to a FLC shutter, the CCD chip may be optically 
linked to a gated, high-resolution microchannel plate which is a type of image intensifier. In 
this application the microchannel plate may be operated at a low gain in order to minimise 

10 photon noise and irregularities (caused by gain variations) over its surface. MicroChannel plate 
devices may be gated so that they accept images over periods of as short as 40-80 nanoseconds. 
Furthermore, the photocathode sensitivity may be optimised within the infra-red region so that 
a less powerful flash is needed; or alternatively (and perhaps with raised gain) so that a 
narrow-band bandpass filter such as an interference filter can selectively admit an emitted 

15 spectral line. 



The ordinary shutter of the camera is preferably operated in conjunction with the FLC shutter 
(or other shutter/gated device). Because a FLC shutter does not totally block light when closed, 
support by the ordinary shutter is useful. Thus the most desirable operating mode is to 
20 synchronise the flash with the moment when the ordinary shutter has revealed the total active 
area of the CCD chip surface. 

COLOUR FILTERS 

25 We have had some difficulty in acquiring filters having optimal "colours" or light transmission 
properties and the set to be described is purely an example. We found it useful to select filters 
according to manufacturers' descriptions, and then to actually check the chosen filters singly or 
in combination using a tunable source of light from a monochromator, viewed by the intended 
type of camera, over a wide spectral range from ultraviolet to infra-red light. This technique 

30 revealed a number of unanticipated transmission bands, such as in the far infra-red, which 
would have degraded the image. 



Also, we would prefer to use a filter over the actual CCD chip itself within the camera, rather 
than one over the lens, so that viewfmder brightness stays high while the CCD receives 
only light from the intended band of wavelengths. To date, we have preferred not to modify the 
camera at that level. 
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Fig 1 shows one preferred combination of filters. It appears that some far infra-red light still 
active on the CCD device is admitted by this set and this light tends to degrade image contrast. 

5 In Fig 1, 100 is the entire optical train, 101 is the flash unit, containing a gold-surfaced reflector 
and a flash tube 112. 102 represents a "Kodak 1 A" darkroom safe light gel sheet (orange-red; 
curve 406- Fig 4) and 103 is a polarising sheet filter. There is also a Texan" clear 
polycarbonate face plate which is believed to have no significant effect. After reflection from 
labels on merchandise 106, the light passes to the camera where it is filtered by a 1000 nm 

10 high-pass filter 107 (blocking light beyond 1000 nm) and by an 800 nm high-pass filter 108 
(blocking light beyond 800 nm) (the latter appears to admit light beyond 950 nm hence we also 
use the 1000 nm filter). 110 represents the transmittance of the glass optics, and 1 1 1 is the CCD 
chip itself. In use, the "1 A" gel suffers some ultraviolet degradation from the flash tube and 
can be replaced from a stock of sheet gel. 

15 

Fig 3 also shows at 403 the emission pattern of an xenon flash tube \vith 450 torr pressure. 
(This depends somewhat on the Joules used.) At 404 a krypton emission pattern is shown; this 
has higher output in the selected pass band indicated as 408. 

20 Our original intention was to use substantially invisible flashes for an application that more or 
less dictates that image capture shall be performed with illumination invisible to humans, so 
that personnel driving cranes and the like are not distracted or blinded by flashes of visible 
light. We prefer for our wharf lading application to use flashes which appear as red or orange 
flashes; this enhances safety because other personnel are then aware of a working cameraman. 

25 In other applications, where the "startle" effect is not important, it may be preferable to use 
shorter wavelengths of light hence achieving more light utilisation or a higher resolution. 

POLARISING FILTERS 

30 Specular reflections, such as those arising from a shiny black ink printed onto an encoded label, 
or from droplets of water over the surface of a label, are reduced using polarising filters, using 
the well-known mechanism that specular reflections (off shiny surfaces) retain much if not all 
the original plane of polarisation of the incident light, whereas reflection involving much 
scattering of light within a light matte or diffusing surface loses its original polarisation. Hence 

35 specular reflections can be largely eliminated by viewing a surface, illuminated by light 
polarised in one plane, through a second polarising filter oriented at right angles to the first. 
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Circular polarising filters result in a similar effect. 

Because the FLC shutter relies on polarisation and inherently adds a polarising filter to the 
optical chain in the camera, we can conveniently add one more polarising filter with its plane of 
polarisation at right angles to the shutter filter over the flash lamp and thereby implement a 
useful reduction of specular reflections. We set up the polarising filter over the flash by 
observing the reflection of a halogen lamp, while shining through the flash housing, in a mirror 
and rotating the flash polariser until the reflection, which has passed through the polarising 
filter (analyser) FTC shutter is of minimal intensity. This has the effect when in use of reducing 
reflections from shiny surfaces, because those tend to retain polarisation, while well-scattered 
light returned from a label surface, for example, has substantially lost its polarisation. 

Certain types of polarising filter have acceptable polarising activity in near infra-red light and 
acceptable transmission. We have found that type LIR 40, type HN22, and type HN32 filters 
polarise infra-red light. 

IMAGE PROCESSING SOLUTION TO REJECTION OF AMBIENT LIGHT 

Given that this invention is intended to impose its own lighting on an environment and thereby 
dominate any ambient lighting, it is possible to accomplish this effect with a two-exposure 
system and a relatively weak light source, together with an adequate dynamic range within the 
imaging system. 

Here the principle is to take a pair of images of a subject; sufficiently close together in time and 
space to be substantially identical, except that in one of them the camera emits its own light. 
Then, by image-processing techniques of some type the image based solely on ambient light 
can be subtracted on a pixel-by-pixel basis from the image also including the added camera 
light, leaving an image based on added light alone. 

Possibly the subtraction process is carried out within the camera - using a modified CCD chip 
which can shift a first image into non-sensitive wells, immediately capture a second image, and 
read out the two images simultaneously to a charge amplifier/buffer device including an 
analogue subtraction function. 

Alternatively the subtraction process may be carried out using two CCD chips viewing the 
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same image in registration by means of a beam splitter, each CCD having a FLC shutter in front 
and each FLC shutter being driven in sequence so that preferably one CCD captures an image 
immediately prior to flash lamp activation, and one captures an image during flash lamp 
5 activation. 

Alternatively the two images may be handled normally and subtracted from each other within a 
separate computer running a suitable image processing software program. 

10 ADVANTAGES 

Assuming that it has been decided that ambient lighting must be brought under control in some 
way, this technique using a very short picture-taking time allows ambient lighting to be 
swamped without the expenditure of a great amount of energy. Up to 400 or more flashes can 
15 be taken from a man-carried 2.5 hour battery within the equipment backpack, although 
preferably less depletion of the lead-acid battery improves battery life. 

The camera is in use in the "MORIS" system for tracking and inventory control of logs during 
shipping within the New Zealand timber industry. 

20 

Finally, it will be appreciated that various alterations and modifications may be made to the 
foregoing without departing from the scope of this invention as set forth in the following 
claims. 

25 



30 



35 
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CLAIMS 

1. Image capture apparatus suitable for capturing, within a recording medium, an 
electrical version of an optical image of an object in an environment having a 
working level of ambient light, the recording medium comprising an array of 
solid-state photosensitive units, characterised in that the image capture apparatus 
includes emission means capable of emitting a controlled quantity of light of a 
controlled intensity and duration towards the object for a brief period not exceeding 
five hundred microseconds and blocking means substantially capable of excluding 
from the image that light collected from the object which was not emitted by the 
emitting means during that brief period so that the captured image is built up 
primarily from light scattered from the controlled quantity of light. 

2. Image capture apparatus as claimed in claim 1, characterised in that the blocking 

means comprises fast-acting non-mechanical shutter means capable of restricting 
the duration of the collection of light to the brief period. 

3. Image capture apparatus as claimed in claim 1 characterised in that the brief period is 

less than 100 microseconds. 

4. Image capture apparatus as claimed in claim 1, characterised in that the emission 

means includes means capable of restricting the duration of the emitted light to a 
defined period between a first moment and a second moment, and characterised in 
that the light emitted during the defined period is of an intensity sufficient to 
dominate the ambient light present in the environment. 

5. Image capture apparatus as claimed in claim 4, characterised in that the emission 

means comprises a gas-filled flash tube capable of producing a brief flash of light 
of known duration, connected to control means capable of triggering a discharge in 
the flash tube, and connected to supply means capable of storing a controlled 
amount of electricity for discharge in the flash tube. 

6. Image capture apparatus as claimed in claim 1, characterised in that the blocking 

means includes fast-acting shutter means capable of restricting the duration of the 
collection of light to a period of up to 100 microseconds, substantially 
synchronised with the light emitted from the flash tube. 
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7. Image capture apparatus as claimed in claim 1, characterised in that the emission 

means includes means capable of producing light having a restricted spectral 
bandwidth, being light of a wavelength ranging between a first upper limit and a 
5 first lower limit. 

8. Image capture apparatus as claimed in claim 1, characterised in that the blocking 

means includes means capable of restricting the spectral bandwidth of the collected 
light to light of a wavelength ranging between a second upper limit and a second 
10 lower limit, where the second set of limits at least partially overlap the first set of 

limits. 

9. Image capture apparatus as claimed in claim 1, characterised in that the blocking 

means includes means capable of restricting the angle of linear polarisation of the 
15 collected light to light having a first angle of polarisation. 

10. Image capture apparatus as claimed in claim 1, characterised in that the emission 
means includes means capable of restricting the angle of linear polarisation of the 
light to light having a second angle of polarisation, substantially perpendicular to 

20 the first angle of polarisation, so that in use the intensity of specular reflections is 

reduced. 

1 1 . Image capture apparatus as claimed in claim 1 , characterised in that the blocking 
means comprises means to capture a pair of images of the object; only one of 

25 which is illuminated by light emitted by the means capable of emitting light, and 

subtracting one image from the other image, thereby deriving the difference 
between the two, so that the difference image incorporates the illumination derived 
from the emitted light. 



30 



12. Image capture apparatus as claimed in claim 7, characterised in that the flash lamp 
is provided with a reflector optimised for high reflection in the near infra-red range, 
employing a gold reflecting surface. 
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